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homogeneity on the same column with the same flow rate and a gradient of 15-30% MeCN (in H 2 O) over 30 min. All solvents used for HPLC purifications contained 0.1% (v/v) formic acid.
Structure calculations. For each capistruin analog, a NOESY spectrum acquired in H 2 O/D 2 O (9:1) at 283 K with a mixing time of 300 ms exhibited the greatest number of correlations, while avoiding spin diffusion, and was therefore used for structure calculations.
Cross-peak positions and volumes in this spectrum were measured in CcpNMR Analysis Software and assigned manually. These were given as initial input data for the calculations, which were performed in CYANA 2.1 on a Linux cluster. 4 The isopeptide bond was incorporated via explicit distance constraints for the N-C bond between the N of Gly1 and the Cγ of Asp9.
Specifically, the upper and lower limits for the N-Cγ bond length were set to 1.6 Å and 1.4 Å, respectively, with weighting factors of 1.00. These distances were based on the average bond length of an amide bond. Seven cycles of combined NOESY assignment and structure calculation were performed followed by a final structure calculation. Calibration parameters for extraction of distance constraints from cross-peak volumes were determined automatically. For each cycle and for the final calculation, 100 initial conformers were generated and a simulated annealing schedule, composed of 10,000 torsion angle dynamic steps, was applied to each conformer. Statistics were generated for the 10 conformers with the lowest final target functions (see Table S5 ). The calculated conformers were visualized in PyMoL.
Structural elucidation, Marfey's, and Mosher ester analyses. The structures of acybolins A-E were elucidated using 1 H, 13 C, gCOSY, TOCSY, gHSQC (with a 13 C adiabatic inversion pulse), and gHMBC spectra, along with HR-MS and tandem HR-MS data. Marfey's analysis to determine the stereochemistry of the Ala groups in acybolin A was carried out as previously outlined. 5, 6 Briefly, 0.2 mg of acybolin A was dissolved in 1 mL of 6 N HCl in a 4 mL scintillation vial and heated in an oil bath for 1.5 h at 115°C. HCl was removed in vacuo and the material redissolved in 1 mL water. This process was repeated twice to completely remove the residual acid. The sample was then loaded onto a PrepSep C8 cartridge (Fisher Scientific) and Ala was eluted with 10% MeCN in H 2 O. The eluent was subjected to Marfey's analysis as previously described in detail (see Fig. S12 ). 5 Mosher ester analysis was carried out as previously described using 200 μg of acybolin A (see Fig. S13 ).
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Generation of ΔbtaQ deletion mutant. B. thailandensis E264 genomic DNA was isolated using the Promega Wizard gDNA purification kit. Approximately, one kb regions upstream and downstream of btaI2 were amplified from the gDNA using primers #1-4 (Table S14 ) and a proofreading DNA polymerase. Overlap PCR allowed fusion of these homologous regions to the trimethopim resistance marker. This cassette was digested with HindIII and KpnI and ligated S5 into pEX18Kan-PheS 8 using T4 DNA ligase. The resulting KO plasmid (pBTHII_1227KO) was amplified in E. coli DH5α cells, purified, and introduced into B. thailandensis E264 by conjugative transfer via filter mating using E. coli donor JV36. 9 Briefly, LB cultures of both the E.
coli donor and B. thailandensis were grown to an OD 600 nm of 0.5. Fifty μL of each culture was mixed into 10 mL LB and the mixture filtered through a sterile filter membrane. The membrane was carefully removed, placed on a pre-warmed LB agar plate, and incubated at 30°C for 8-10 h. The cells were then washed off by vortexing the membrane in a 50 mL falcon tube containing 5 mL LB. Approximately 50 μL of this mixture were plated onto LB agar containing 100 μg/mL of both streptomycin and trimethoprim. After incubation at 30°C, individual colonies were subjected to second round of selection on the same plate. Surviving colonies were recovered in 2 mL LB overnight and plated onto M9 minimal agar supplemented with 0.2% p-chloro-Phenylalanine.
The desired markerless mutant was obtained after incubation at 30°C. These were verified PCR using primers flanking the recombination sites (Table S14) and by DNA sequencing.
Acybolin production by B. thailandensis mutants ΔbtaQ, ΔbtaI1-I3 (triple mutant), btaK::Tn, and BTHI_2757::Tn. Colonies from each mutant grown on an LB agar plate were used to inoculate 5 mL of LB-Mops in a 14 mL sterile culture tube. These were grown overnight, Table S13 . The traces have been offset in both axes for clarity. 
